Objective: Congenital diaphragmatic hernia (CDH) has a poor prognosis, despite intensive management. The prognosis of CDH is correlated with hypoplastic lung, but it is difficult to measure the degree of hypoplasia. The aims of this study were, therefore, to examine the relationship between chest X-ray and prognosis, and to assess whether the radiographic findings were a good indicator of hypoplastic lungs in patients with CDH.
Introduction
Congenital diaphragmatic hernia (CDH) has a very poor prognosis despite intensive managements, such as extracorporeal membrane oxygenation and inhaled nitric oxide therapies. The prognosis of CDH is correlated with immaturity, fetal asphyxia, associated anomalies, persistent pulmonary hypertension and hypoplastic lung. 1, 2 Hypoplastic lung is one of the most lethal factors associated with CDH; however, it is difficult to measure the degree of hypoplastic lung immediately after birth. Newborns with hypoplastic lungs have been predicted to show a small aerated lung on chest X-rays. 3, 4 In other words, the greater the severity of lung hypoplasia the smaller the lungs appear on X-ray. However, other authors have reported that chest X-rays were not reliable indicators of aerated lungs. 5, 6 We recently had the opportunity to compare chest X-rays of CDH patients. Two patterns were identified and seemed to correlate with prognosis. 7 The aims of this study were, therefore, to examine the relationship between chest X-ray and prognosis, and to assess whether radiographic findings were a good indicator of hypoplastic lungs in patients with CDH.
Methods

Patients
Fifty-four neonates with CDH who had respiratory failure within 1 hour of birth were evaluated at the Perinatal Medical Center, Kagoshima City Hospital and Department of Pediatric Surgery, Kagoshima University Hospital from January 1990 to March 2004. Four cases were excluded from this investigation. Two of these four cases were not X-rayed, and thus could not be classified accurately on the basis of X-ray finding. Of the remaining two, one had body stalk anomalies and the other had Cantrell's syndrome; both of these neonates died a few days after delivery.
Definition of apex and hilar
Patients were classified into apex and hilar types preoperatively ( Figure 1 ). Apex type was defined as the expansion of the lung on the affected side, starting at the pulmonary apex. Hilar type was defined as expansion starting at the hilum. To assess the differences in clinical course between the apex and hilar types, gestational age, birth weight, prenatal diagnosis, survival rate, requirement of extracorporeal membrane oxygenation therapy and lung area on X-rays were analyzed.
Measurement of aerated lung area
All X-ray films were scanned into the computer, and cardiac, mediastinal, thymic and abdominal shadows within the thorax were subtracted from the thoracic area to calculate the aerated lung area. Bilateral lung areas were measured on the first, third and seventh day after birth with a National Institutes of Health (NIH) image (processing and analysis program by Scion Corporation, Frederick, MD, USA). Finally, the lung/ thorax area ratio in the affected and nonaffected side ( Figure 2 ) was calculated on X-ray films taken on days 1, 3 and 7. In this study, we did not consider whether the patients had an operation, or when they had it, we only measured lung area.
Statistical analysis
Outcomes were analyzed by the w 2 test and by Student's t-test using a commercial software program (Excel 2003, Microsoft, Redmond, WA, USA; Statcel 2, OMS publishing, Tokorozawa, Japan).
Results
Clinical data of patients are shown in Table 1 . The apex type was found in 32 of the 50 cases (body weight 2822 ± 654 g, gestational age 38.2±2.8 weeks), whereas 18 cases (body weight 2830 ± 503 g, gestational age 39.0 ± 2.6 weeks) showed the hilar type. Mean gestational age and birth weight did not differ significantly between the two groups. In all, 44% of the apex type and 72% of the hilar type were diagnosed prenatally. The hilar group required extracorporeal membrane oxygenation therapy more frequently than did the apex group. The survival rate of the hilar group (33%) was significantly worse than that of the apex group (81%) (P<0.001).
The lung areas of both types on the affected side increased significantly from days 1 to 7. The apex type expanded more than the hilar type ( Figure 3 ). The lung areas on the nonaffected side also increased significantly from days 1 to 3 ( Figure 4 ). The apex type expanded more than did the hilar type on the nonaffected side ( Figure 4 ). 
Discussion
We can identify the characteristics of patients with CDH by prenatal diagnostic methods, and can estimate fetal-lung volume by threedimensional ultrasound, magnetic resonance images [8] [9] [10] [11] or computed tomography and scintigram. 12 Nagaya et al. 12 studied the lung function of 32 patients with CDH, in whom two parameters, lung volume by computed tomography and pulmonary perfusion amount by scintigram, were used. According to their results, lung volume had increased in most cases, but the perfusion amount of the affected side had not increased in most cases after radical operation. These methods exactly to calculate the lung volume or the lung function are useful in assessing a hypoplastic lung. However, they cannot be used in newborn patients, because these patients must be stabilized in bed and cannot be transported to obtain a computed tomography or a magnetic resonance image. For these reasons, it is very difficult to ascertain the degree of hypoplastic lung in CDH patients. An easy method to estimate hypoplasia clinically has been sought.
Chest X-rays are normally available because they are taken routinely on CDH patients receiving intensive care. We assumed that affected infants would probably show a low lung area on their chest X-rays, as on computed tomography or magnetic resonance image, but there have been very few reports of this. Cloutier et al. 5 classified CDH cases into three groups according to the degree of lung reduction in the chest cavity using postoperative chest X-rays. They reported that there was no significant relationship between the findings of postoperative chest X-rays and prognosis in CDH patients, although the presence of large defects or an intrathoracic stomach implied more severe hypoplastic lungs. Holt et al. 6 reviewed the percentage aeration of the ipsilateral lung, the percentage aeration of the contralateral lung, and the percentage shift and content of hernia using postoperative X-ray. They too concluded that clinical outcome was not correlated with chest X-ray findings.
On the other hand, Dimitriou et al. 3 compared X-ray findings a day before surgical intervention with those on the first postoperative day. They reported that postoperative infants with a poor outcome had a significantly lower lung area and that the increase in lung area from preoperation to postoperation was smaller in those infants who had a poor outcome. Donnelly et al. 4 found X10% ipsilateral lung aeration, X50% contralateral lung aeration and a mediastinum displaced by less than half of the width; these were all statistically significant prognostic indicators of survival. Donnelly et al. 4 assessed whether the radiographed lung area gave an accurate indication of lung volume before and after operation.
Considering the different results between the former and the latter two authors, their samples may have varied with respect to an associated anomaly, a concomitant disease, inadequate resuscitation, perioperative management and data collection times. As higher overall survival implies a higher survival rate of severe hypoplastic lung, in groups with a very high survival rate, it is difficult to assess the relationship of X-ray findings to prognosis.
On the basis of chest X-ray patterns, CDH patients were divided into the following two groups: apex and hilar. We predicted that the lung volume of the affected side in the apex type was relatively large but possibly pressed by abdominal viscera prolapse into the thorax. These lungs seemed to expand from the apex on day 1 or 3, with or without operation (not analyzed in this study). On the Diaphragmatic hernia and hypoplastic lung R Shimono et al other hand, because the lungs of the hilar type expanded very little, a greater degree of hypoplastic lung might be expected in this type. The prognosis for CDH cases in the hilar type (33%) was significantly poorer than that for the apex type (81%) (P<0.001), and the expansion of the lung on both sides of patients of the hilar type was significantly less than that in the apex type after birth (P<0.001). Lung areas increased significantly from day 1 to 7. The frequency of chest radiographs taken on days 3 and 7 was equally represented both pre-and postoperation. We observed, generally, that the mediastinum moved from the nonaffected side to the midline and that aeration of both the affected and nonaffected side recovered even during the waiting period for delayed surgery. This suggests that the lungs may have expanded sufficiently before diaphragmatic repair. 13 On the basis of our results, the CDH lungs of the hilar type were more severely hypoplastic than those of the apex type. Relative lung volumes were significantly correlated with lung expansion types. From these results, we can conclude that chest X-ray film features seem to be a good indicator of CDH prognosis.
